INTRODUCTION
============

The incidence of lung cancer has been increasing steadily, and it is the leading cause of cancer deaths worldwide and in Korea.[@B1] Its prominence is due in part to tumors being disseminated by the time of lung cancer is diagnosed. Epidemiologic studies suggest that cigarette smoking is the principal, but not only, factor involved in lung carcinogenesis.[@B2] Over the past three decades, the incidence of lung adenocarcinoma has increased worldwide. Most individuals with lung adenocarcinoma (especially women) are non-smokers, and the exploration of carcinogenic etiologies other than cigarette smoking is warranted. HPV has been shown to be implicated in human neoplasm of the uterus, cervix, vulva, skin, esophagus, and head and neck.[@B3] HPV is most commonly associated with the development of cervical carcinomas, and HPV 16 and HPV 18 are the types most frequently detected in high-grade squamous intraepithelial lesions and invasive carcinomas. E6 proteins, encoded by HPV, can bind to the host cellular tumor suppressor protein, p53, and trigger its degradation through the ubiquitin pathway.[@B4],[@B5] The inactivation of p53 by HPV-E6 is considered to play a crucial role in human carcinogenesis.[@B6]

Evidence for the involvement of human papillomavirus (HPV) in lung carcinogenesis has accumulated through several distinct lines of research. HPV DNA has been detected in around 50% of benign bronchial squamous cell papillomas. The detection of morphological changes on light microscopy suggests HPV infection in bronchial cancer and its precursor lesions.[@B7] Recently, Taiwanese reports suggested that HPV infection was closely related to adenocarcinomas of the lung, especially in non-smoking women.[@B8],[@B9] Some data from Japan and Northern European countries such as Finland and Norway have shown that significantly higher frequencies of HPV infection (69-78.3%) were observed in conjunction with lung carcinomas.[@B10]-[@B13] These data suggest that the association between HPV infection and lung cancer may be geography- and race-dependent.

To evaluate the prevalence of HPV infection in Korean lung cancer patients and the association of HPV with histologic cell types of lung cancer, we screened for HPV DNA using polymerase chain reaction (PCR) with HPV 16, 18, and 33 type-specific primers, which encode for the high cancer risk indicators in lung cancer tissues. Furthermore, we assessed the prognostic relevance of HPV infection and survival of patients with lung cancer.

MATERIALS AND METHODS
=====================

Patients
--------

One hundred and twelve patients with primary non-small cell lung cancer who had undergone thoracic surgery at Severance Hospital, Seoul, Korea from Jan. 1995 to Dec. 1998, were studied. All patients underwent pathologic stage examination by a board-certified pathologist (DH Shin).

None of the patients had received radiation therapy or chemotherapy prior to surgery. Demographic data including age, gender, smoking status, and survival were collected on each individual from patient interviews, their records of the Yonsei Cancer Registry Center, and a review of medical records.

Polymerase chain reaction (PCR) with type-specific primers
----------------------------------------------------------

Genomic DNA was prepared from tissue sections by a conventional phenol-chloroform extraction, ethanol precipitation, and finally dissolved in 20 µl of sterile distilled water. HPV viral DNA was amplified with type specific primers (TAKARA Bio Inc., Shiga, Japan) flanking the E6 region to identify the HPV subtype.[@B14] The forward primer (5\'-AAGGG CGTAA CCGAA ATCGG T-3\') was common to the sequence of HPV 16, 18, and 33 DNA. The reverse primer sequences for HPV 16, 18, and 33 were 5\'-GTTTG CAGCT CTGTG CATA-3\', 5\'-GTGTT CAGTT CCGTG CACA-3\', and 5\'-GTCTC CAATG CTTGG CACA-3\', respectively. The final PCR product of 10 µl was loaded onto a 2% agarose gel, stained with ethidium bromide, and visualized under UV illumination. The final product sizes, including the E6 region, were 140bp in HPV 16 and HPV 18, and 141bp in HPV 33. Appropriate negative and positive controls were included in each PCR reaction for HPV 16, 18, and 33. A part of the medium was amplified to exclude false-negative results, while DNA preparations of a HPV template from the manufacturer were used as positive controls ([Fig. 1](#F1){ref-type="fig"}).

Statistical analysis
--------------------

Statistical analysis was performed using the SPSS statistical software program (SPSS Inc., Chicago, IL). Differences between HPV 16, 18, and 33, and between gender, smoking status, histologic cell types, and tumor stage were calculated using the Chi-square test. Logistic regression analysis was used to assess which variable was important for HPV infection and which variable may act as a lung cancer risk factor. Kaplan-Meier survival curves were used to evaluate the correlation between HPV subtype and survival of lung cancer patients.

RESULTS
=======

Clinical characteristics of patients
------------------------------------

The patients ranged from 34 to 78 years of age (mean 59 ± 11 years), 90 of 112 were males, and 19 were under 50 years old. Ninety-two patients had a history of cigarette smoking (mean 39 ± 20 pack years), while 20 were non-smokers.

Histologic examination of the tumors revealed 53 cases of adenocarcinoma, including five bronchioloalveolar cell carcinomas and seven peripheral adenocarcinomas with BAC pattern. Fifty-nine non-adenocarcinomas, including 53 squamous cell carcinomas and six large cell carcinomas, were also found. Tumor stages I, II, III, and IV were observed in 40 (35.7%), 24 (21.4%), 44 (39.3%), and four patients (3.6%), respectively.

Prevalence of HPV 16, 18, and 33 DNA in tumor tissues
-----------------------------------------------------

The detection rates of HPV 16, 18, and 33 DNA in tumor tissue by PCR were 10.7%, 9.8%, and 33.0%, respectively. As shown in [Table 1](#T1){ref-type="table"}, the prevalence of HPV was similar in male and female patients for all HPV types. Likewise, the prevalence of HPV was not different in adenocarcinoma and non-adenocarcinoma tumors. However, patients under 50 years old had a significantly higher rate of HPV 16 than patients older than 50 (26.3% vs. 7.5%, *p* = 0.016). For HPV 18, patients with tumor stages I and II had a lower prevalence than those with stages III and IV (4.7% vs. 16.7%, *p*=0.035). The prevalence of HPV 33 was indistinguishable between patients with well-differentiated tumors and those with moderate or poor tumor differentiation (45.2% vs. 21.3% or 38.2%, respectively, *p* = 0.063) ([Table 1](#T1){ref-type="table"}). The co-infection of HPV 16 and/or HPV 18 also did not show significant results (data not shown).

Multivariate logistic regression analysis showed that the presence of HPV 16 had a four-fold higher risk in NSCLC patients under 50 years old, and that HPV 18 had a 3.9-fold higher risk in NSCLC patients with a tumor stage of III or IV after adjusting for other factors ([Table 2](#T2){ref-type="table"}).

The survival times of NSCLC patients were compared, using the Kaplan-Mayer test method with a log rank test. None of the HPV infections had any statistically significant effect on survival time ([Fig. 2](#F2){ref-type="fig"}).

DISCUSSION
==========

The prevalence of HPV DNA in lung cancer patients varies significantly by geographical region. In the literature, the prevalence of HPV infection in lung carcinomas varies from 0% to 79%.[@B12],[@B15]-[@B17] Hirayasu et al. reported that the prevalence of HPV 16 and 18 infections in Okinawa, a subtropical island of southern Japan, was high (58.1% and 58.1%, respectively), but in Niigata, the mainland of Japan, was lower (6.7% and 23.3%, respectively).[@B12] However, Taiwan, the nearest neighbor to Okinawa, had a high prevalence of HPV 16 and 18 infections (35.5% and 41.1%, respectively) in lung carcinomas.[@B8] Our study of 112 NSCLC patients resulted in the detection rates of HPV DNA 16, 18, and 33 in 12 (10.7%), 11 (9.8%), and 35 (31.3%) patients, respectively. This is the first study of HPV DNA prevalence in lung cancer patients from Korea, where the prevalence rate was lower than that of other Asian countries. The overall prevalence of HPV 16 and 18 infections of the cervix was 12.6% (389/3091) and was calculated at 15.5% when standardized in a Korean study of healthy women.[@B18] This value was similar to the 18.2% (4/22) of women in this study.

The geographic variability is associated with sexual behavior and environmental factors.[@B19] Okinawa was considered a HPV high prevalence region, but recent improvements in hygiene (water supply, toilets, and sewage disposal) after Okinawa reverted to Japan have greatly reduced the incidence of HPV infection.[@B20] This change was followed by a decrease in the incidence of squamous cell carcinoma, especially well-differentiated cases. In Taiwan, non-smoking females with adenocarcinomas had a high prevalence of HPV 16 and 18 infections in lung carcinomas.[@B8],[@B9] In our study, gender, smoking status, tumor differentiation, and histologic cell types were not associated with HPV 16, 18, and 33 infections among patients with lung cancer. These discrepancies might result, in part, from the different detection systems, sample conditions, and geographic sexual activity and behavior. Furthermore, a decreasing trend in the prevalence of HPV in lung squamous cell carcinomas, especially the well-differentiated, is related to a decline in HPV infection.[@B21]

In our study, co-infection of HPV 16 and 18 occurred in only one case (0.9%), while co-infection with HPV types 16 and 33, and HPV types 18 and 33 occurred in five cases each (3.6%). In a Taiwanese study, a higher prevalence of co-infection with multiple HPV types had a higher risk of lung cancer compared to patients with only one type of HPV infection.[@B8] However, Japanese patients[@B22] and Korean patients in our study demonstrated a lower prevalence of co-infection, and had a lower risk of lung cancer ([Table 3](#T3){ref-type="table"}). These findings suggest that HPV infection might be type-specific and have a synergistic effect on lung carcinogenesis through multiple steps and modeling.

HPV 33 infections had previously been considered less important than HPV 16 and 18 in lung cancer. However, our study showed a high prevalence of HPV 33 infections in Korean lung cancer patients. We reviewed the literature and compared the prevalence of HPV 33 infections in several countries ([Table 4](#T4){ref-type="table"}). Other Asian and Western countries had an HPV prevalence of 0% to less than 10% in all except one study.[@B11],[@B12],[@B16],[@B23]-[@B27] This implied that HPV 33 might be specific and play an important role in Korean lung carcinogenesis. However, one limitation of our study was not enrolled normal lung tissues from non-cancer subjects, which may have yielded a lower frequency of HPV 33 infection.

The observation of certain types of HPV in association with cervical and oral squamous cell carcinoma raises the possibility of sexual transmission of HPV from the cervix to the oral cavity, with subsequent transmission to the larynx, and then to the lung.[@B28] It is likely that the transmission of viral infection to non-genital sites occurs as a consequence of certain sexual behaviors, such as oral-genital contact, or by autoinoculation from a genital infection and, therefore, is acquired by standard sexual behavior measures. Sexual characteristics known to be associated with HPV exposure include a high number of lifetime sexual partners, young age at first intercourse, and a history of sexually transmitted disease.[@B29] Another transmission pathway of HPV infection to the lung is blood circulation. A recent study showed that HPV E6 mRNA was detected in the peripheral blood of advanced cervical cancer patients. This observation seems to reflect the possibility that HPV infection in lung tissues may originate in the cervix, and would then be mediated by blood circulation.[@B30] Several head and neck squamous cell carcinoma patients carrying HPV positive sera were found to develop distant metastasis.[@B31]

Since younger patients have a higher sexual activity, they also have a higher risk of HPV infection.[@B18] In our study, the presence of HPV 16 had a four-fold higher prevalence in NSCLC patients under 50 years old and HPV 18 had a 3.9-fold higher prevalence in NSCLC patients with a tumor stage of III & IV after adjusting for other factors ([Table 2](#T2){ref-type="table"}). These results were similar with that of Taiwanese studies.[@B8],[@B9],[@B32] One reason may be that HPV 18 may play a role in the development of rapidly progressive tumors. Kurman et al. suggested that the deficit of HPV 18 in intraepithelial neoplasia, as compared with invasive carcinoma, could represent a rapid transit time through the precursor stage of cervix cancer.[@B33] Walker et al. also suggested that HPV 18-containing tumors might progress to invasion without a prolonged preinvasive stage.[@B34] Alternatively, Barbosa et al. further demonstrated that the rate of phosphorylation of Rb by HPV 16 and 18 E7 varies, with HPV 18 E7 being phosphorylated 2-fold faster than HPV 16 E7 which in turn is 2-fold faster than HPV 6 E7.[@B35] This can explain why these three viruses differ in their relative efficiency in carcinogenesis, while they all possess E7 proteins. The association of HPV 18 with advanced stage lung cancer may be explained by the apparently higher oncogenic potential of this virus. Furthermore, cellular receptors with a specific potential for binding with each of the HPV types may exist.[@B36]

Viral copy number is another important factor in the distribution of HPV viral particles and metastasis. Recently, E5 protein of HPV 16 was found to be expressed in the early stages of neoplastic transformation; HPV vaccines, targeting E5, are being developed.[@B37] Further studies are required to monitor the viral copy number in blood and association those levels with various clinical parameters. The presence of HPV 16, 18 and 33 infections was not associated with the survival times of NSCLC patients ([Fig. 2](#F2){ref-type="fig"}). In a literature review, high Langerhans cell infiltration[@B22] and p53 protein accumulation[@B38] with HPV infection was associated with the prognosis of lung cancer. In the present study, Langerhans cell infiltration was not frequently observed in pathologic samples, and p53 protein regulation was not examined.

The sensitivities of the HPV DNA detection systems have varied between reports ([Table 3](#T3){ref-type="table"}). Standardization of the detection system is needed, including the primers and probes used. The age and handling of samples needs to be standardized. When old samples were used, the detection rate of HPV DNA decreased with sample age. Fresh samples obtained immediately after surgery without fixation, or at most one or two months after surgery, yielded better results.

In conclusion, our study showed that the prevalence of HPV 16 and 18 infections in lung cancer tissue was low, suggesting HPV 16 and 18 infections played a limited role in lung carcinogenesis of Koreans. However, the higher prevalence of HPV 33 infection may be important for Korean lung cancer patients, and warrants further investigation.
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![Representative results of polymerase chain reaction (PCR) with HPV-type specific primers for negative and positive HPV DNA detection in tumor tissue. SM, size marker; Lane 1: negative HPV DNA; Lane 2: positive HPV DNA; Lane 3: positivecontrol; Lane 4: negative control.](ymj-48-69-g001){#F1}

![Kaplan-Meier survival curves of HPV 16, 18, and 33 infections in patients with non-small cell lung cancer. No significant difference in survival times was observed (log rank test, *p* \> 0.05).](ymj-48-69-g002){#F2}
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Adenoca, adenocarcinoma; NS, not significant.
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Multivariate Logistic Regression Analysis for the Relationship between HPV DNA Detection in Tissues of Lung Cancer Patients and Clinical Parameters
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^\*^*p* = 0.043, ^†^*p* = 0.055.

Adenoca, adenocarcinoma.
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Adenoca, adenocarcinoma; SCC, squamous cell carcinoma; LCC, large cell carcinoma; NISH, non-isotopic in situ hybridization; NR, not reported.
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Literature Review of Asian and Western Studies for HPV 33 Infections in Lung Carcinomas
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Adenoca, adenocarcinoma; SCC, squamous cell carcinoma; LCC, large cell carcinoma; NISH, non-isotopic in situ hybridization; NR, not reported; SBH, Southern blot hybridization.
